Compromised time control is a variable of interest among disordered gamers because time spent on videogames can directly affect individuals' lives. Although time perception appears to be closely associated with this phenomenon, previous studies have not systematically found a relationship between time perception and gaming. Therefore, the purpose of this narrative review is to explore how gaming disorder may be associated with time perception. It has been found that gamers exhibit a stronger attentional focus as well as an improved working memory compared with non-gamers. However, gamers (and especially disordered gamers) exhibit a stronger reaction to gaming cues which-coupled with an altered emotion regulation observed among disordered gamers-could directly affect their time perception. Finally, "'flow states"' direct most of the attentional resources to the ongoing activity, leading to a lack of resources allocated to the time perception. Therefore, entering a flow state will result in an altered time perception, most likely an underestimation of duration. The paper concludes that the time loss effect observed among disordered gamers can be explained via enhanced emotional reactivity (facilitated by impaired emotion regulation).
which postulates that time perception depends on the processing of pulses through the action of three specific mechanisms, namely a pacemaker, an accumulator, and a comparator. The more pulses that are recorded during a specific time interval, the longer the time will be estimated. The retrospective process is mainly conceptualized within the contextual change model (CCM, Block and Reed 1978) . The CCM is memory-based and posits the more that single events are memorized in relation to a specific time interval, the longer the interval will be perceived. Although obvious from a clinical perspective (i.e., compromised time control is often observed in gaming disorder), to date, only four studies have explored impaired time perception among disordered gamers, leading to mixed results (i.e., Rau et al. 2006; Rivero et al. 2012; Tobin and Grondin 2009; Wood and Griffiths 2007) .
Utilizing Diablo II (a dungeon crawler real-time role-playing game), Rau et al. (2006) recruited 26 expert players and 38 novice players and asked them to play this game in three conditions corresponding to different time intervals (i.e., 30, 60, and 90 min) before asking them to retrospectively estimate the duration of the gaming sessions. Although the difference between the two groups was non-significant (p = 0.059), the expert gamers underestimated the 60-min duration while the novice gamers overestimated it. An important limitation to the study is the fact that the participants were aware of the total duration of the testing session (90 min). Another limitation is that a significant part of the novice players presented with "internet addiction" symptoms, which potentially influenced the results.
In order to compare the impact of different activities on both PTP and RTP, Tobin and Grondin (2009) recruited 116 adolescents and asked them to perform three consecutive activities (i.e., playing a game for 8 and 24 min, and reading a text for 8 min). The 24-min session of videogaming was underestimated, but as no control condition was used, the reason for the underestimation remains uncertain. Furthermore, the 8-min gaming session was more frequently underestimated than the reading session. The authors also compared time perception among disordered gamers (n = 14, according to the scale developed by Griffiths and Hunt 1998) to the rest of the sample (n = 102), and showed that disordered gamers tended to underestimate the duration of the session compared with other participants in the 24-min session. When comparing participants playing more than 7 h per week (n = 27) with participants playing between 1 and 6 h a week (n = 58), the authors replicated these results.
In another experiment, Wood and Griffiths (2007) asked 40 participants to play one of two videogames (i.e., participants could choose whether they wanted to play a console or computer game) for 45 min and were interrupted at three pre-determined moments (i.e., after 13, 37, and 45 min) where they were asked to report how long they had played. Results showed that there was no significant association between videogame play and temporal estimation after each pause. However, a methodological issue arose because the authors did not inform the participants about time estimation before the experiment. Indeed, while the first temporal estimation would be defined as retrospective, the two subsequent evaluations would arguably be considered as prospective according to Grondin and Plourde (2007) . When a participant is asked to estimate a time span, the following estimation(s) will systematically become prospective because participants begin to become cognizant of what they are being asked for.
The final study exploring time perception among gamers was conducted by Rivero et al. (2012) who examined both sub-second and multi-second time perception. The first one was relative to reflexes and action planning rather than duration estimation, and is therefore not discussed here. Compared with the other three studies outlined, this final study recruited a small sample of participants comprising nine frequent gamers (i.e., 30 h per week playing videogames during the past month) and nine occasional players (less than 5 h per week playing videogames during the past month). Participants were asked to perform a time estimation task (i.e., estimating three different durations of 10, 30, and 60 s) and a time production task (i.e., pressing a button for 5 or 45 s). No significant differences between the occasional and frequent gamers were found which may have been due to the small sample used.
The research on time perception and gaming (i.e., whether disordered or healthy) currently suffers from a lack of cohesion, as the aforementioned studies produced very different findings. From a clinical perspective, understanding the underlying mechanisms of compromised time control is important in order to improve and tailor treatment interventions. Accordingly, the purpose of this narrative review is to elaborate on the psychological processes and mechanisms susceptible to cause compromised time control while gaming. Two different pathways will be considered, underlain by either cognitive or emotional processes. Indeed, past research has emphasized that disordered gaming is associated with specific cognitive (e.g., executive functions) and emotional factors (e.g., emotion regulation strategies) that are postulated to play a pivotal role in time perception (e.g., Baudouin et al. 2006a; Cain et al. 2014; Colzato et al. 2013; Fayolle et al. 2014) .
Cognitive Processes in Time Perception and Gaming

Attentional Processes
Attention processes play a crucial role in time perception, even if it is postulated that they affect RTP and PTP in opposite ways (Block and Zakay 1997) . In RTP, performing a task which elicits more selective attention lengthens the perceived duration via the larger number of events happening during the interval (Block and Reed 1978) . In PTP, performing a more cognitively demanding task shortens its perceived duration because participants pay less attention to time (Zakay and Block 1995) . In experimental situations, the first way to assess how attention affects PTP is to divert the participant's attention away from time by using a dual-task paradigm. In doing so, researchers have observed a systematic underestimation of time when participants have had to perform a non-temporal concurrent task while estimating time duration (e.g., Burle and Casini 2001; Chinchanachokchai et al. 2015) . Brown and West (1990) explored how two concurrent temporal tasks interfered with each other. In the first experiment, 80 participants observed four stimuli simultaneously at various time intervals. Participants were divided into four groups, depending upon the number of stimuli they had to observe (i.e., one, two, three, or four). Results demonstrated that the more stimuli participants were asked to attend to, the more errors there were in their time estimation judgment. In another attempt to manipulate attention demand, it has been shown that it is possible to consciously divert an individual's attention from time to a different increment (Casini and Macar 1997; Kladopoulos et al. 2004; Macar et al. 1994) . For example, Macar et al. (1994) asked participants to perform both a word categorization task (i.e., counting animals' names) and a temporal task (i.e., estimating a word series duration). The participants were also told to split their attention, either entirely on one of the two tasks (i.e., 100%/0%), mainly on one of the two tasks (i.e., 75%/25%), or equally between the two tasks (i.e., 50%/50%). Results showed that the more attention was directed to the categorization task, the more errors were made in the temporal task and the fewer errors were made in the categorization task. A final way of testing the attentional effect is by using cues to explore attention orientation. Here, participants receive a cue regarding the stimulus that has to be followed (e.g., its duration, location, modality), which helps participants to focus on it because they are prepared. As the participants were more focused on the stimulus, and therefore less on time perception, an underestimation of time was observed (Mattes and Ulrich 1998; Osugi et al. 2016) . Furthermore, these results have been replicated for transient attention (i.e., attention driven by a sudden change in the visual field) which operates over very short durations (i.e., around 100 ms) (Yeshurun and Marom 2008) . In the experiment, 15 participants performed a temporal comparison task (23-94 ms) on two circles on the screen, the first one being cued on both when and where it would appear, while the second was only cued on when it would appear. The results showed that the disc cued on its location was perceived as longer than the other disc, but only for durations shorter than 94 ms.
Many videogames (especially action videogames such as first-person shooters, FPSs) require continuous and flexible attention from players, and even the slightest lapse in attention can lead to losing the game. Attention can be divided into two separate processes, namely topdown attention (i.e., when individuals consciously direct their attention towards a specific stimulus) and bottom-up attention (i.e., when individuals' attention is attracted towards a prominent stimulus). Furthermore, top-down attention can be "activated" by either normal cues (i.e., warning the participant that a stimulus is about to appear) or a spatial cue (i.e., directing participants' attention towards a specific spatial area). Therefore, it is expected that videogame players exhibit better top-down attention, winning a game requiring inhibiting distractors, and to focus on the relevant stimuli (e.g., to focus an individual's attention on important objectiverelated stimuli without being distracted). However, because important stimuli can appear in games requiring a fast relocation of attention, bottom-up selection can also be at stake during the playing of action videogames. The current literature demonstrates that videogame players appear to exhibit better top-down control (e.g., Cain et al. 2014; Chisholm and Kingstone 2015; Irons et al. 2011) , although some studies have shown improved bottom-up processing (e.g., Castel et al. 2005; Mishra et al. 2011; Schubert et al. 2015) . However, these studies used different tasks and paradigms to measure attention (e.g., theory of visual attention tests, anticueing task, and compound search task) and recruited gamers playing different games genres, which complicates their comparison. Another way to explore attentional processes among gamers is to utilize attentional biases. Although the tasks used to explore these biases differ between studies, the basic principle is to include game-related stimuli (i.e., either words or pictures) in a previously validated task. The studies using this paradigm among disordered gamers have systematically demonstrated that gamers unintentionally direct their attention towards the gaming stimuli and have difficulty in disengaging from these stimuli (Jeromin et al. 2016; Lorenz et al. 2013; Metcalf and Pammer 2011; van Holst et al. 2012) .
Interestingly, a study by Krishnan et al. (2013) compared players of two different videogame genres (i.e., role-playing game (RPG) and FPS game players) to assess whether game genre impacts the performance on attentional tasks. The participants were all tested on an identical task requiring them to press a button every time a preselected stimulus appeared in a given zone of the screen. Depending upon the types of trial, participants had to attend to one, two, or four regions of the screen, thus increasing the difficulty of the task and the spatial distribution of attention. The findings demonstrated an overall better performance by the FPS players, the largest difference being when the participants had to attend to four simultaneous locations. However, because there was no control group (i.e., participants who did not play any videogames), the only conclusion that can be drawn from this study was that FPS players have better attentional processes than RPG players. Consequently, nothing can be concluded on the direct contribution of playing RPGs on time perception compared with nonplayers.
Working Memory
Another important process in prospective time perception is working memory, especially when an individual has to compare two different time durations. According to Baddeley (1992) , working memory comprises three components (i.e., visuospatial sketchpad, phonological loop, and central executive). The visuospatial sketchpad plays a central role in retaining and manipulating the visuospatial imagery while the phonological loop has the same role concerning auditory information. The central executive facilitates controlled and proactive cognitive processes and coordinates the visuospatial sketchpad and the phonological loop. According to the SET model of PTP (Gibbon et al. 1984) , working memory plays a central role in the decision-making process. First, pulses are gathered in an accumulator in working memory, allowing an individual to make a time duration estimation. After the estimation is made, the response is stored in a reference memory which is more durable. This storage allows the comparison of a newly observed time duration estimation with a previous experienced time duration via working memory. Research on the relationship between time perception and working memory has mainly-if not entirely-been conducted in prospective settings, confirming the SET model theory. Indeed, studies have shown that PTP is predicted by both the storage components (i.e., visuospatial sketchpad and phonological loop) of working memory (Baudouin et al. 2006b; Bi et al. 2013; Perbal et al. 2002) . Furthermore, numerous studies have shown that when performing dual tasks, participants tend to underestimate time (e.g., Brown and Merchant 2007; Brown and Smith-Petersen 2014) , which is of interest given that divided attention is part of the four executive functions comprising the central executive component of the working memory (Baddeley 1992) .
A study conducted among elderly participants showed that poorer temporal performance (i.e., lack of precision when estimating a time duration) was associated with working memory deficits (Baudouin et al. 2006a ). However, when exploring the development of time perception skills among children, Zélanti and Droit-Volet (2011) observed that while short-term memory and attention predicted temporal sensitivity development in the different age groups, working memory did not show such an effect. Additionally, while attentional processes predicted the difference in temporal performance between single and dual tasks among children, working memory did not play such a role (Hallez and Droit-Volet 2017) . To date, the only study showing an effect of working memory on time perception among children did not show any developmental effect, but an overall positive correlation between the two variables (DroitVolet et al. 2015) .
Most of the available research concerning videogame players emphasizes that regular gamers have an improved working memory (e.g., Colzato et al. 2013; McDermott et al. 2014; Mishra et al. 2011) , although some studies have shown that these improvements only occur with regard to the visuospatial sketchpad (e.g., Posner letter identity task, visual working memory task) (Lau-Zhu et al. 2017; Mishra et al. 2011; Seya and Shinoda 2016) . Although this latter finding is theoretically coherent because gaming is mainly associated with improved visuospatial skills (Bavelier et al. 2012 ), studies still demonstrate that healthy gamers do not exhibit any impaired working memory component (e.g., Colzato et al. 2013; Lau-Zhu et al. 2017 ). Furthermore, although most studies have explored console gaming, Huang et al. (2017) compared the effects of the console and mobile gaming on cognition, including a measure of working memory. Although their results supported previous research (i.e., regular console gaming improves working memory), they also found that playing casual games on a mobile device led to similar effects. This study is noteworthy given that increasing numbers of people now own a smartphone (Statista 2018b) , granting them free and easy access to multiple videogames.
Emotional Processes in Time Perception and Gaming
Emotion
Time is subjective because it appears to drag out when engaged in a boring activity (e.g., waiting for an appointment or queuing in a shop), but to pass by very quickly when engaged in an appealing or joyful activity (e.g., partying or watching a good film). When researchers have tried to explore the effect of emotions on time perception in a laboratory setting, results have not systematically supported the idiom that "time flies when you are having fun." However, it does not necessarily mean that the idiom is wrong. Indeed, most of the research on emotions in time perception has used emotional stimuli (i.e., videos, music, pictures, and odors) and assessed whether being exposed to such stimuli influences time perception. Surprisingly, the results mainly showed an overestimation of time irrespective of whether the task was prospective or retrospective (e.g., Bisson, Tobin and Grondin 2009; Cassidy and Macdonald 2010; Kellaris and Kent 1992) .
However, whether music affects time perception and whether listening to music while performing a laboratory task can be considered as "fun" are two separate issues. For example, a few studies have explored "fun" in other ways, showing different results. For instance, one study explored time perception among 76 novice tandem skydivers (Campbell and Bryant 2007) . Although this is a very different experience from gaming, the way the researchers investigated this may be helpful in understanding how gaming enjoyment could affect time perception. The study assessed participants' levels of excitement and fearfulness before the jump and after landing, and (retrospectively) asked participants how long the skydive had lasted. The results showed that although the level of fear positively predicted their time estimation (i.e., time slowing down), their level of excitement showed the opposite (i.e., time passing faster).
Another study explored the motivational intensity of the positive state effect on time perception by comparing a low-approach motivation positive state (i.e., feeling calm or peaceful) and a high-approach motivation positive state (i.e., feeling desire) to a neutral state (Gable and Poole 2012) . In this study, participants could either look at pictures of flowers (lowapproach), dessert pictures (high-approach), or geometric shapes (neutral). The results showed that there was no difference between the low-approach motivation positive state and the neutral state. However, the high-approach motivation positive state was significantly underestimated compared with the other two groups. Furthermore, by telling half the participants that they would receive a dessert at the end of the experiment, the authors showed that expectancy was able to strengthen the previous results because the participants expecting to actually eat a dessert ended up underestimating time more than other participants not expecting to eat a dessert.
The impact of gaming on emotion has been investigated via neuropsychological studies. These studies demonstrate stronger brain reactivity for disordered gamers compared with control participants when confronted with gaming cues, meaning that disordered gamers are more aroused by gaming stimuli (Ahn et al. 2015; Ko et al. 2013; Zhang et al. 2016) . Although stronger reactivity has mainly been observed within the prefrontal cortex (i.e., both ventrolateral and dorsolateral; Ahn et al. 2015; Ko et al. 2013) , other areas of the brain have shown similar results (e.g., precuneus, posterior cingulate, striatum; Ko et al. 2013; ). For instance, two studies using the same paradigm showed that disordered gamers exhibited stronger brain reactions than healthy gamers when confronted with gaming-related cues (Ko et al. 2013; Thalemann et al. 2007; Wang et al. 2017) , and that these activations were associated with their urge to play videogames (Ko et al. 2013; Wang et al. 2017) . These two studies imply that not only are disordered gamers more sensitive to gaming cues than non-gamers (which would be normal because non-gamers are not familiar with these), but they are also more sensitive than healthy gamers.
Three other studies have explored in-game reactions with either neural activation through an electroencephalogram (EEG, Shin et al. 2012) or physiological activation through an electrocardiogram (ECG), facial electromyography (EMG), and skin conductance (Ravaja et al. 2006; Salminen and Ravaja 2007) . The EEG study showed that although healthy gamers can experience negative emotions during a gaming session (e.g., their character getting shot or dying), they reported only positive subjective emotions after the gaming session. The physiological activation studies showed that some game events elicited arousal (Salminen and Ravaja 2007) and that not only positive events elicited positively valenced arousal but also some negative ones among healthy gamers (Ravaja et al. 2006) . Taken together, the findings of these studies tend to support the emotional explanation for compromised time control. Indeed, behavioral and EEG studies have demonstrated that disordered gamers tend to show stronger brain reactivity when confronted with gaming-related stimuli than non-gamers and also exhibit stronger neural activity than non-disordered gamers while playing. These findings demonstrate that disordered gamers experience stronger arousal, which can lead to increased time distortion and in turn to experiencing greater compromised time control. Furthermore, the in-game studies demonstrate that healthy gamers experience positive arousal during their gameplay, whether they are achieving something good or bad in-game.
Emotion Regulation
Although emotion regulation plays a crucial role in the interaction between cognitive skills and emotion (e.g., working memory; Malagoli and Usai 2018; executive functions; Marceau et al. 2018) , this has rarely been studied in the field of time perception. According to Eisenberg and Spinrad's (2004, p. 338 ) comments on a paper by Cole et al. (2004) , emotion regulation can be defined as "the process of initiating, avoiding, inhibiting, maintaining, or modulating the occurrence, form, intensity, or duration of internal feeling states, emotion-related physiological, attentional processes, motivational states, and/or the behavioral concomitants of emotion in the service of accomplishing affect-related biological or social adaptation or achieving individual goals." The studies on this topic show that good emotion regulation leads to a lower (almost non-existent) interference of emotion on time perception (Tian et al. 2018; Wittmann et al. 2015) .
However, as emotional regulation can be defined as the reduction of an individual's reaction to an arousing stimulus (e.g., Evren et al. 2018) , two studies can be included in this section because they explored the different ways to reduce a stimulus-arousing effect on an individual. The first way to reduce reaction to an arousing stimulus is to divert attention from it. Using this method with aversive sounds, Mella et al. (2011) showed that when their participants had to focus on the sounds, there was a clear effect of the stimulus on their time estimation (i.e., overestimation). However, when participants were asked to focus equally on the task and the sound, or exclusively on the task, this effect was disrupted, supporting previous findings. Using the perceived level of control as a mediating variable, Buetti and Lleras (2012) recruited arachnophobe and non-arachnophobe participants and confronted them with spider pictures. In order to fluctuate their level of perceived control of the situation, and therefore the arousing effect of the pictures, the participants either were told that pressing a button would make less spider pictures appear or did not receive such instruction. The results showed that under a higher perceived control of the situation, the effect of the very arousing pictures was completely nullified and this was independent of the percentage of spider pictures presented. These results were further replicated in another study using a similar design (Mereu and Lleras 2013) . Therefore, it can arguably be concluded that emotion regulation would diminish (if not entirely inhibit) the interference of emotional stimuli on time perception. If this was verified, it would mean that better emotion regulation would lead to a lesser impact of emotion on time perception, and therefore a lesser underestimation of duration.
This fact is of interest given that several studies have shown clear associations between videogame play and emotion regulation. Although Villani et al. (2018) showed that regular videogame play can be a useful tool in regulating emotion (e.g., to relax during a stressful time), and is even used in therapy, it would appear that this is different among disordered gamers. For instance, Seo et al. (2012) compared regular and disordered gamers on various emotional variables (i.e., emotional competence, positive emotion, emotional expression, and emotional intelligence) and showed that disordered gamers exhibited lower scores on the emotional variables compared with healthy gamers. These results are further supported by studies showing that disordered gamers have impaired emotion regulation (Evren et al. 2018; Wichstrøm et al. 2018) as well as abnormal activation in brain areas responsible for emotion regulation (i.e., orbitofrontal cortex, Du et al. 2016 ; dorsal anterior cingulate cortex, Lee et al. 2015 ; subcortical and cortical regions, Yip et al. 2018 ). Based on this literature, it would appear that although an efficient emotion regulation ability would alter (if not prevent) any emotional interference on time perception, the fact that the disordered gamers exhibit an impaired regulation of their emotion may explain why they cannot control the emotional affect coming from their gaming sessions. Indeed, while a healthy gamer could "inhibit" or at least reduce the arousal arising from their gaming session (and thus diminish the impact on their time perception), disordered gamers would not be able to (or would have more difficulties to) do so, resulting in observed compromised time control.
Flow
Flow has been defined as a total involvement in a task where the level of the individual's skill is matched by the level of challenge the task poses leading to experiencing a loss of selfconsciousness (Csíkszentmihályi 1975) . According to Csíkszentmihályi (1993) , it includes four main components (i.e., control, attention, curiosity, and intrinsic interest) and eight elements (i.e., clear goals and immediate feedback, balance between skills and challenge, concentration, sense of control, loss of self-consciousness, awareness and action merging, reward, and time distortion). When an individual experiences a flow state, all attention is focused on the task itself (e.g., playing videogames) to the point of possibly experiencing a momentary self-awareness loss. Csíkszentmihályi pointed out that one of the flow elements is time distortion, where individuals experience either lengthening or shortening of time duration while in a flow state (i.e., overestimation or underestimation of lapsed time during the activity). In an opinion paper on the possible effect of boredom on time perception, Zakay (2014) based part of his argument on Csíkszentmihályi's (1990) definition of flow, asserting that boredom was the other end of a pole on the enjoyment continuum.
Therefore, according to Zakay (2014) , while boredom leads to an overestimation of duration, flow experience leads to the opposite effect (i.e., a significant underestimation of time due to the almost entire attentional pool resources being allocated to the activity, inducing the flow state). The case of boredom tends to be supported when comparing participants with a high level of boredom-proneness to participants with low levels. Indeed, Watt (1991) and Danckert and Allman (2005) showed that individuals with more boredom-prone tendencies judge time to be longer during a boring task than participants with lower levels of boredomproneness. Although this is not a direct measure of flow, the findings indicate a possible fluctuation of time depending on flow experience-proneness.
However, although numerous studies on attention (i.e., see the "Attentional Processes" section) also tend to support the direct relationship between flow and time perception because they show that increased attention on non-temporal activity systematically leads to an underestimation of time, few studies have explored the direct effect of flow on time perception. By solely exploring the effect of immersion in a videogame, Sanders and Cairns (2010) showed that in a prospective setting, the more a videogame player was immersed in a game (through the inclusion or not of music within a short videogame session), the more they underestimated the time spent playing it. This matched the reports of the participants stating that they felt more immersed when they heard ingame music. This result, among other things, may explain the different results obtained in the previously described experiment on compromised time control among disordered gamers because different games include different background music which may constitute a confounding variable.
The results of studies exploring the effect of flow experience on playing videogames have been inconsistent and could be due to the varying measures used in the different studies (e.g., Game Engagement Questionnaire, Brockmyer et al. 2009 ; the Flow State Scale-2, Jackson and Eklund 2002). For example, some studies have found a clear association between flow experience and disordered gaming (Chou and Ting 2003; Hull et al. 2013; Khang et al. 2013) , while others have not (Wan and Chiou 2006) . However, when exploring time spent gaming among healthy gamers, studies showed that the gamers experiencing flow states spent more time gaming (Johnson et al. 2016; Khang et al. 2013) . Finally, it has been pointed out that the structural characteristics of videogames (e.g., negative rewards features, narrative), as well as the players' motives (e.g., playing alone or with other gamers, online or offline), can affect how likely gamers are to experience a flow state (Kaye 2016; Laffan, Greaney, Barton, & Kaye 2016; Liu and Chang 2016) . A common denominator between the three papers is the importance of social interaction. While Laffan et al. (2016) and Liu and Chang (2016) only reported that the result on a subscale exploring social interaction correlated significantly with the experienced level of flow, Kaye (2016) put this variable to the forefront in her study. It was demonstrated that knowing teammates' skill levels and having efficient communication and teamwork with teammates significantly predicted the level of experienced flow.
The study by Kaye showed that in online cooperative games (e.g., massively multiplayer online role-playing games (MMORPG) and multiplayer online battle arena (MOBA) games), not only are the gameplay and the players themselves important to achieve a flow experience, but the way the players interact with their teammates plays an important role. These studies also imply that some game genres (e.g., first-person shooter games and real-time strategy games) can facilitate the experience of a flow state. Although this is speculative, it needs to be explored in future studies because the finding implies that different types of games have different indirect impacts on time perception via the level of flow they induce.
Another way to explore the potential association between time perception, gaming, and flow is through the concept of enjoyment. In a study by Christandl et al. (2018) , participants engaged in a task for 10 min, and half of them were told that the task lasted 5 min (timedragging condition), while the other half was told it lasted 15 min (time-flying by condition). The participants who were told that the task lasted longer than what they had thought evaluated their recalled level of flow as higher than the participants who were told the task was shorter. This study shares similar results to another study on time perception and task enjoyment (i.e., Sackett, Meyvis, Nelson, Converse, & Sackett et al. 2010) . They showed that by making participants feel like time passed faster (i.e., by deceiving them about the total duration of the task), participants judged the task as more enjoyable. The study also replicated the results with irritating sounds (i.e., using an "underestimation" condition, leading to a lower irritating rating) and music (i.e., using an "underestimation" condition, leading to a higher rating of the song played). These two studies suggest that time perception and flow are highly associated because they both showed a bidirectional association with enjoyment.
Interestingly, by incorporating the results of research on the interaction of emotion and time perception in the research explored in this section, it may provide a possible explanation of how retrospective time perception of gamers can be affected. Although none of the studies reported in the "Emotion" section recruited gamers, the studies showed that emotions, and especially "having fun," can induce an underestimation of time duration. Therefore, it could be argued that gamers will experience arousal when confronted with gaming stimuli, which would lead to an emotional response which would not be present among non-gamers, even if they were to play once (as there would not be such an association due to the lack of repetitive gameplay). Furthermore, as disordered gamers exhibit hypersensitivity to gaming stimuli, this would lead to a stronger emotional effect compared with healthy gamers. This stronger effect may then result in a stronger underestimation of time during the gaming session, leading to the observed compromised time control effect. This hypothesis is once again supported by flow theory because enjoying a game helps in experiencing a flow state while playing, strengthening the aforementioned effect. Furthermore, the difficulty to inhibit one's arousal while playing (i.e., emotion dysregulation observed among disordered gamers) could prevent disordered gamers from attenuating this effect compared with healthy gamers. Finally, the presence of an impaired delay of gratification among disordered gamers supports the potential association between gaming and time perception via impaired emotional processes because the delay of gratification is highly associated with time perception.
Discussion
This narrative review aimed to collate previously published data on the compromised time control effect and relate it to disordered gaming. The compromised time control effect is a possible direct consequence of impaired time perception, which leads to an underestimation of the time spent gaming. Although this may appear harmless at first sight, underestimating gaming session length significantly can lead to detrimental consequences due to little time remaining for other important activities (e.g., education and/or occupation, spending time with loved ones, sleep). Although it would appear that compromised time control is a direct consequence from an impaired time perception, the studies on this topic did not show consistent results, implying that this may not be the case (Rau et al. 2006; Tobin and Grondin 2009; Wood and Griffiths 2007) . Therefore, the present paper sought to understand how time perception and videogame use can be associated in order to explain the compromised time control effect.
The first explanation provided for this relates to cognitive processes because cognition can be both impaired by disordered gaming (Nuyens et al. 2017 ) and improved by regular (nondisordered) gaming (Nuyens et al. 2018) . When examining cognitive factors relevant in time perception, two common processes with gaming are attention and working memory (Gibbon et al. 1984; Zakay and Block 1995) . When evaluating these two processes among nondisordered gamers, it has been shown that they were both improved, although it specifically applied to visual working memory (e.g., Colzato et al. 2013; McDermott et al. 2014 ) and topdown attention (e.g., Cain and Mitroff 2011; Chisholm et al. 2010) . Therefore, from a cognitive perspective, it would appear that non-disordered gamers are more likely to have a more accurate time perception than non-gamers, whereas this is not a common observation among gamers. However, the studies on the associations between working memory and attention with time perception solely used prospective experimental settings. Therefore, it is possible that the compromised time perception among gamers is not prospective but retrospective, which fits gaming reality because gamers rarely consciously monitor time while engaging in the activity they enjoy. This is supported by the concept of flow according to Zakay (2014) , who posited that flow and boredom represent opposite ends of the same continuum. While being bored lengthens time duration (i.e., overestimation of time), experiencing flow leads to the opposite effect (i.e., underestimation of time), thus explaining the compromised time control effect. Although this has not been thoroughly researched, the studies on the association between attention and time perception tend to support this because the less attention is focused on time, the shorter the time duration is perceived to be.
Another possible explanation relates to emotional factors rather than cognitive ones. However, the laboratory studies to date mainly showed an overestimation of time when adding emotional stimuli to the experimental task (e.g., Bisson et al. 2009; Cassidy and Macdonald 2010) , thus contradicting the idea developed by Zakay (2014) . However, there is a difference between observing emotional stimuli in a laboratory setting and actually having fun to the point of forgetting about time. This fact is underlined by the study among novice skydivers, showing that their level of excitement during their very first jump was negatively associated to their duration estimation (i.e., the more they were excited, the shorter they estimated the jump; Campbell and Bryant 2007) . Interestingly, the opposite trend was also observed, with participants estimating a task as more enjoyable when they were tricked into believing that a task lasted longer than they thought (Sackett et al. 2010) . Furthermore, the studies reviewed in the present paper showed that disordered gamers tend to show more intense reactivity to gaming cues and to exhibit greater physiological reactions during a gaming session than healthy gamers and control participants (e.g., Ko et al. 2013; Ravaja et al. 2006; Salminen and Ravaja 2007; Thalemann et al. 2007 ). They not only showed higher reactivity, but studies also showed that even "bad" in-game events could lead to positive arousal reactions (e.g., character getting shot or dying in the game; Ravaja et al. 2006) . Again, flow can play a determining role in the relationship between gaming, emotion, and time perception. Using Zakay's definition of boredom as the opposite to flow on the enjoyment continuum, research has demonstrated that boredom-prone participants tend to overestimate the duration of a boring task more than less boredom-prone participants (Danckert & Allman, 2005; Watt, 1991) . Furthermore, when participants were more immersed in a game, they estimated the duration of their gaming session as shorter than when they were less immersed, although this was only true in a prospective setting (Sanders and Cairns 2010) .
Although there is a lack of studies examining the causal link between enjoyment and time perception, it appears plausible that having fun leads to underestimating time duration. Furthermore, since disordered gamers exhibit difficulties regulating their emotions, it is possible that it would affect the emotional interference of gaming on time perception. Indeed, it has been shown that an efficient emotion regulation can reduce (if not nullify) the emotional interference on time perception. Therefore, it is expected that a deficient emotion regulation will lead to a stronger effect of emotion.
From the literature, it would appear that both attentional and emotional processes could be contributors in the emergence of compromised time control among gamers. It has been repeatedly shown that having fun and enjoying an activity helps individuals experiencing a flow state (e.g., Brailovskaia et al. 2018; Corcos 2018; Limperos et al. 2011) . Therefore, it could be hypothesized that since disordered gamers react more strongly to gaming stimuli, and can associate negative outcomes with pleasure, not only will it be easier for them to underestimate time, but they will also tend to experience flow states more easily than healthy gamers (e.g., Ko et al. 2013; Ravaja et al. 2006) . Because experiencing flow directs the whole attentional pool towards the game, emotion can have both a direct impact on time perception (i.e., enjoyment leading to an underestimation of time) and an indirect one (i.e., enjoyment inducing flow leading to an underestimation). Therefore, this would indicate that gaming disorder can be related to an interaction of cognition (i.e., attentional processes) and emotions, which fits the framework offered by dual-process models (D'Hondt and Maurage 2017; Mukherjee 2010). Indeed, According to Noël et al. (2013) , addiction would result from an imbalance between three main systems: (i) an impulsive system dependent upon the amygdalastriatum network which promotes automatic actions, (ii) a reflective system dependent upon the prefrontal cortex important in decision-making, and (iii) a system dependent upon the insula, which would turn bottom-up information into subjective output.
Finally, there are two constructs that may have a strong impact on the interaction between time perception and gaming, namely the structural characteristics of videogames and the motivations of the gamers. Since the present review only evaluated the common variables between gaming and time perception, these constructs were not developed due to the lack of studies examining their association with time perception. However, as aforementioned, the structural characteristics of an online videogame can directly affect the level of flow experience of the gamers (Kaye 2016; Laffan et al. 2016; Liu and Chang 2016) , which in turn may impact how time perception is affected by this level of flow. In relation to motivations, it has been shown in studies that some specific motivations have been significantly associated with the time spent gaming (e.g., Billieux et al. 2013; Myrseth et al. 2017) . For example, in the study by Billieux et al. (2013) , while several gaming motivations correlated significantly with the time spent gaming weekly (i.e., advancement, mechanics, competition, relationship, customization, and escapism), other motivations did not show such associations (i.e., role-play, teamwork, and socializing). Therefore, it could be hypothesized that those some motives may also influence the gamers' time perception but this is little more than speculation at the present time.
Conclusion
Interestingly, several of the potential associations between time perception and disordered gaming explored in this paper are included in the Interaction of Person-Affect-Cognition-Execution (I-PACE) model (Brand et al. 2016) . According to this model, the development and maintenance of addictive behaviors (including disordered gaming) would rely upon common underlying mechanisms. Each category of process affecting the development is represented by a letter of the model: (p) represents the core characteristics of the person (e.g., the biopsychosocial constitution, the personality, the motives), (a) and (c) are the affective and cognitive responses to stimuli (e.g., cognitive biases, cue-reactivity, emotion regulation), and (e) represents the executive functions (e.g., inhibition, decision-making). Concerning this paper, the (a), (c), and (e) sections of this model are of particular interest because they integrate the emotional and cognitive processes explored in the present paper (e.g., attention, working memory).
Consequently, based on the literature, it would appear that it is not time perception itself which is impaired among disordered gamers, but the joint impact of two exacerbated processes. This is important because this has yet to be tested in studies exploring time perception among gamers, which may affect the results to date and explain the relative lack of significant findings. Therefore, the following studies on this topic should include flow measurement, as it appears to be a promising tool in order to explore this interaction as has been highlighted throughout this paper. Furthermore, studying the interaction between time perception and gaming via a dual-process perspective may help to reach a better understanding of the processes at stake in this interaction. For example, according to Noël et al.'s (2013) model, it could be possible that a third system (i.e., the insula-based system) has a role in the interaction. Therefore, exploring other processes in interaction with such a system (e.g., craving) may reveal more underlying processes explaining why disordered gamers exhibit such a compromised time control.
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